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& m x » ^ 



100 - 6001C, WtatSil^ 1-120 -hBf', Wfcfl^ ft* 

2-15:1. 7^&A5 0 ~ 0.1:1 tf4H*TfctfWfc4H*.£j&» 

Y iS, HY Y 
X > ZSM-5 & ?'] A^i/bJP**^ W S**^G . P *^ » t 

#*fc:J£^# 20 ~ 9C * % . 

7, *HlW4**lWflifli'IHfc**. *^f&^3AA 150- 
550X:. £#£4.;* 2-100 flMfc #1 -fc ft Sfe/fc 

3-10:1, 7^&ftJ?ft&#.#iHj:i:i:tb*; 0.01-0.05:1. 
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B#«*J 1 Lj*4E^t!**^'*-*^ 35-65 *%, ^^^^^5*^^ 

Ifc**/^^ 

AjV^t^J*^"*^^ 300ppm «Ji. x4-fit*>1.>*!Sfr«Jt** , JMt#l, 
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it ( tfTffi***-*^ ) # 0 ~ 0.1:1, &*f% 0.01 ~ 0.05:1 ¥l4tftTit1ffcto 

*t«^*«^«.*^L**; #iMffltAm, ffl*.*^**^*! 
;ML91#ffl flit***!-*! At 20 ~ 90 * % , 

:^^z^-5TvV &A*J&s>. A^vA-i 3£—St$Etig4h- 
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t JL£ , ^JiiJSttiA * 3Ut##Ht AW* *l*£-iibMMfc*l 

ftto-W*- 40-100'C) 100-700 

£-flMfc*l#M*. £Atf & lS L*J^ifcfc&« *H»**l. #4-4*^1 

T**f3S*t^-^iL>a*-*i»t-*-9-^ 99105903.4 + , 
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^^ftS*^^** 1 ^/Ufc^ 2 ;MF, ^^ij-S-^-^ 17 

ft 10 **JL, ^idb/^ja-mt & 11 #£#4fcfliib^ft*.* 3, 

4rt*&>*ft*J&. *#£*Hf 5i&A#£3l 13. #£«,*J 

vftfrlS- 27. 

4WM»*£.*l"f' \9&*JMr t t 22 tf&^&W/fr^ 

£^**€Af t^T^t^^J^^Jl^^^ll 27. 

fdb^^jS&i^fif-M 28 29, 30 
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^^^^i^MSf ^ 1 iU^Ttf 2 4 17 
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W 20 ^fl-**-*? 22«&<MtA, #.<Kl#£& 

Hf^^^t^-f «, 21 atAitfhf- 22 a**.-*. J»&#4fc**^aMtiL 

32 28 *A.^**«fc 29, 

*ftfi!l3i 30 tb#.Z. ftiflt-ffc^JatAft 

fttfftUSltth, M#£t£^*<J^M£-> *+~ ^M-^f- 19 at 
AJM"HM*?Hf 22. # — 15i&A*MP& 16, 

(*.&fcB)# 100-200TC ) 4£f-«. 34 fltA.4t#* 2 + Ji-**fc.fijfc, i*- 

# 4**3LMMr & * awt. AiLfi. 27 . 

21 fltA*.** 22 tf>MP, ^*flWi#J»^at^rJS. 

^^MAf ^^^^MLSl^^S- 27. *fa^?K 

28iftA^**«. 29, & 30 WSl 

7*;**»^&31 

#±40Ufc#|iftA.i s L&£ 23, &£&1r^ 24 tt^&ftA^, 

# 25&A-5-4L& 13. #£^#]££^t&&3-£, $^»^f«. 14ilA 

13, Wn.fe'f 12 &tf#*Mi4fc*]^A * + - 

^fc-fri*^ 19*.om*H? 22, 15 «>HP» 16, ilit 

*±*HF naligfti*4**MF 2flMM*.ffl , isatA***. 
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19i£^UM-f 22 WMftft. a ft^^^ht^t^- 

iL&E bi2fc*tiL&, iL6^&2t^#.fl-^ 22 tf#^SU£E c, ^£ 
6 -f 2 WiL&^i*.— AA^— 

S^^^^m^f" 22 tb o £ d, zM*-* e at*J&fc& 27, 
#*Uf*7l&ft&t&, 28 tA^|.*l 29, ^iWlw*/ 1 31 

. ft£_4!ILilMi&AJl&.& 23, g^i* 24 7K&ft>l*L£, *#*fe"*t 

■f" 25 i&A.*£& 13. & + 14 it 

ft-Pf-i.** 19 atA^fr* 22, %— -Spa^tfi* l5ift^^PH 16, 
*#£.*Hf 17iS.WAj**t^f - 2 4ftiWfcffl, 18 at^***. 

2. 4^L91'«r>K*tJS*!f?«'$-*i& 20-90 ^ ^R^^-HMt 

Mi 

3. i***^^^*/?.^^**^ 1/4-3/4, 
Ippm Av^T. 

4. 4^iLWT^^a^**'*'fti*4fciL^#.X*^l^tfi***.. J*U*8M»* 

S 1-5 ^JSfl#flMift**^:S^*tf — J.A*t'**#iU$**ln* 

$9, St^^^^T: I- 4. 8. 10, 11, 12, 14, 15, 18, 20, 
21, 24, 28, 30, 31, 32, 33, 34 2 %-A*&.# J f-M-& it. 

3, 23^^H, 5, 2S##J.*Hf. 6, 26*7^«, 7, 27 # 
&*#-;&<ffc/iML£S)» 9, 29#^**«.. 13 16^^15, 
17, 19 ^-PhWT, 22 >MMri***r-*iL&*. H 6#*f3a#.*M^fijiS 
^rtS, at«a. b, c, d, e d^J^MWM-lfc. £->SL&£, 
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£*fc*] 1 

}\A/Sitt^ Sai^^il^^WLiSrt . WMii? 300"C, 
*Lfc 0.2 abH-*8tS4.^ 4'Mif 1 , 6:1, 7jc*b 
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W. 42-55*%. 25.0-27.0 * 

A 8.5-18.5 4%, ft** + Jfc^tflM 40~125ppro, ft.-£-*RM.l 

0.4-0. 85ppm. 
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*l*-*fM'J 0.4~1.6ppm. #&&±&&ttA&&ftK&4t*t3.&+i ( l*->4i 

2 w*] ft* a i mw*-^ A, 
±*Mt * s ***** * * &ftA*m*>mm-'m&*M. *.* 

HljHF>&>!7# 0.2 AW. at*f-*ttgifc# 4-10 #]vfctt# 3-8:1. #■ 

0.03-0.05:1 ^4M t T^^#J*«atW»4fc*'HiA>a. 

5. 

JljiftAtrt^^a* 52.5-57.0$%. 25.0-26.5*%. 
5.5-9.5 * % , n> t -ft^-tAMll 36~46ppm, A/$"**Mfl 0.3-0.41ppm. 

4 

^; 0.2 AW. at*t-*Bt^it* 50'J-Bt" 1 , *Ji**t#6:l, 7Mjtt# 0.03:1. A. 

y »• .tf <• .? v| C' « r T ": ••; if ,1. IV 4 1 <f 

- :> - -, , .j, ■. • • .... ■-- i«-x!«-v: 
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^ML7W*tfj. J*Lj**aAt^**«.»* 40.32 3:%. 30.»6 
*%, 16.49*%, ft&tti*****] 9? PP m ' 

0.76ppm, jM-tfUfcVM 14.60*%, ***** 3.83*%; *T*t* 
5.58*%, Xi-T*WSL*i 0.66*%. 

a, ^^iia^i^^+S*^^^*^*^*^^^ 

^DatAftyl-f t#, ^^^ 400*0^^^)^^^^^. ^ 
iL# 0.2^te, ii*|-**J-Si4^ 50-100 flt 

J* 6:1, #.j&ft^&#J****±rt:a 0.03:1. 

^ML 6T^*sb, *WMt*a 6.99*%,**^^* 4.53 *%, 
ifc^HM^ 86.78 *%, ^ML7*TW*ib, ft*b4&A+tfrJMJ**:S* 51.25 
* % , * 26.98 * % , tir&te. £ 8.59 * % , + tt^i^M'l 

86ppm, iL-^i^SiJ 0.65ppm. 
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&-®4$&ft% 0.2 ilt*|-*8tSii.* 4.h9f, *J*b*b# 6:1. #.*blfc.fc 

0-0.03:1 «^T^^*]*»atfi-*^^^- 

8. 

. Hi o w ■?/ * 4* A iB & * frfi *T.*S £ 61-65 "f % . ^iS £ 

6.5-7.0 * % , # *S 'A £ 15.5-20.0 * % . A & + #1 ^ * ft- «i 
100~140ppm, itiN 0.65-1. lOppm. 



10 



eivfj fi >rr , - .-.I/' m ^3a/ • at / 12 0,' 1.09. li PM [E ist.M!, O.iyli gt it Time) 



07/12/02 KR1 12:15 FAX 847 35^^387 HOP PATENT DIT. ^ft @]016 



4L1 



»J_ f£ >*t _? 




B 


c 


D 


aMU20*C), -fA/*- 3 


743. U 


Til l 


651 1 


786.4 












RON 


91.3 
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79.5 
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1 : l 


200 


2035.5 


376.7 


2892*2 


&, ppm 
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151.3 


14.3 


93.0 


4*. 4% 


86.80 


86.54 


85.26 


86.29 


ft., 4% 


13.03 


13.26 


14.52 
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44 


44 
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63 


59 


48 


91 


30% 


82 


78 


53 


\Z\) 
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104 


60 


153 


70% 


140 


133 


65 


173 


90% 


176 


166 


75 


186 




195 


200 


90 


202 


4% 












29.64 


26.94 


19.04 


25.00 




5.29 


4.88 


4.98 


5.12 




25.35 


22.06 


14.06 


19.88 




8.25 


7.16 


5.17 


12.30 




37.79 


47.65 


69.64 


13.62 




24.32 


18.25 


6.15 


49.08 
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0 13 
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0.32 
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560 


690 
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0.41 


0.25 


0.38 


0.36 




132 


92 


164 


232 




4.2 


3.2 




2.5 












0-40 «M*- 


7.3 


15.2 


4.8 


13.1 


40-80 4ft* 


43.7 


55 1 


47.9 


54.9 


>80#£* 


49.0 


29.7 


47.3 


32.0 
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0.03 
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0,87 


A /ZC 
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3.87 




A 7 A 


4 93 






85.7/ 


OU.OJ 


88.70 


89.95 


jfe Crfcl 




4.37 


3.98 


3.01 


2.36 






2.43 


2.02 


1.63 


1.23 






1.98 


1.56 


1.23 


0.93 






O.02 


0.03 


0.02 


0.04 














RON 


y l 




89.3 


90.2 


90.5 


MON 


79.5 


80.1 


80.0 


79.8 


79.8 


pptn 


200 


40 


65 


102 


125 


&> ppm 


30 


0.4 


0.7 


0.76 


0.85 




24.32 


25.20 


25.00 


25.30 


26.56 




37.79 


8.70 


10.87 


14.98 


18.39 




29.64 


59.01 


56.92 


52.29 


47.19 




5.29 


5.01 


5.05 


4.98 


4.86 




25.35 


54.0 


51.87 


47.31 


42.33 




8.25 


7.09 


7.21 


7.43 


7.86 
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300 
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400 
4 




4 


4 


4 




6 


6 


6 


6 


n m 


n m 


0.03 


003 


















1.33 




1.36 


1.57 


0.73 




3.87 


4.64 


6.05 


7.14 




85.97 


S4.ll 


86.39 


81. 




4.3 / 




D.J J 


4.32 




2.43 


2.61 


1.36 


2.04 




1.98 


2.02 


2.12 


3.14 




0.02 


0.01 


0.02 


0.20 












RON 


88.2 


90.8 


90.2 


89.4 


MON 


80.1 


81.0 


81.2 


78.6 


*£, ppm 


40 


402 


108.5 


578 


SL. ppm 


0.4 


1.0 


0.83 


1.6 


*% 


25.20 


19.20 


6.52 


55.18 


*% 


8.70 


10.92 


16.34 


3.89 




59.01 


62.72 


70.02 


27.48 




5.01 


4.95 


5.20 


5.22 




54.0 


57.77 


64.82 


22.26 




! 7.09 


7.16 


7.12 


13.45 
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*L&*jfc. "C 




300 


300 


300 


300 


250 


450 






8 


4 


4 


4 


4 


10 


*1 *b *fc 




3 


6 


8 


6 


6 


6 






0.03 


0.03 


0.03 


0.05 


0.03 


0.05 


/AM. *% 
















1 

-f ^> 




1.12 


i JU 


1 C £. 
L ,JU 


"I IT 
1 .1 -J 


n 


i ,n 






3.55 


3.87 


4.32 


3.53 


1.87 


5.48 






87.11 


85.97 


84.54 


oo.ol 




8*7 TO 






4.U1 


4J f 




4 1 R 

'T. 1 O 


5 47 


3 >4 


Jt- Jrfc vL, 




2 1 1 


2.43 


2.75 


2.33 


2.86 


1.36 


/n\/7\. 




1.86 


1.98 


2.02 


1.95 


1.96 


2.?3 






0.24 


0.02 


0.18 


0.27 


0.26 


0.29 


















RON 




so n 
oy.u 








87 6 


855.8 


MON 


79.5 


80.0 


80.1 


80.1 


79.9 


80.0 


80.0 


*A > ppm 


200 


46 


40 


36 


42 


36 


:6 


ppm 


30 


0.41 


0.4 


0.3 


0.4 


0.3 


C.3 




24.32 


25.12 


25.20 


26.45 


25.01 


25.03 


2(.02 




37.79 


9.32 


8.70 


6.67 


9.13 


5.98 


9 09 




29.64 


58.45 


59.01 


59.80 


58.76 


61.84 


57.80 




5.29 


5.07 


5.01 


5.11 


5.07 


5.03 


4.98 




25.35 


53.38 


54.0 


54.69 


53.69 


56.81 


s:l.82 




8.25 


7.11 


7.09 


7.08 


7.10 


7.15 


7.09 
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@021 



&6 



550 



50 



6.0 



0.03 



300/400 " 



50/100* 



6.0 



0.03 



fti* 



0.66 



14.60 



3.83 



5.58 



75.62 



3.75 



2.53 



2.43 



0.41 



1.01 



5.98 



86.78 



3.52 



1.01 



1.65 



0.05 
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&7 





MA 










$£.(20t:), -t-A>/^ 


/4j .1/ 


741 8 


653.1 


786.4 


746.7 














RON 


91.3 


90.0 


93.2 


88.6 


91.0 


MON 


79.5 


80.8 


81.5 


78.4 


81.2 




200 


97 


376.7 


2892.2 


86 


ppm 


30 


0.76 


14.3 93.0 


0.65 


*% 


86.80 


86.71 






86.43 


&, *% 


13.03 


13.22 


14.52 


12.99 


13*42 
















49 


49 


44 


90 


46 


10% 


63 


75 


48 


91 


72 


30% 


82 


98 


53 


120 


90 


50% 


106 


120 


60 


153 


lift 
no 


70% 


140 


147 


65 


173 


143 


90% 


176 


178 


75 


186 


175 




195 


202 


90 


202 


196 
















24.32 


30.86 


6.15 


49.08 


26.98 




37.79 


16.49 


69.64 


13.62 


8.59 




29.64 


45.34 


19.04 


25.00 


56.57 




5.29 


5.02 


4.98 


5.12 


5.32 




25.35 


40.32 


14.06 


19.88 


51.2fi 




8.25 


7.31 


5.17 


12.30 


7.86 
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150 


200 


250 


300 






4 


4 


4 


4 






6 


6 


6 


6 






0 


0.02 


0.02 


0.03 


















0.86 


0.51 


0.64 


0.73 






2.04 


2.68 


j -% /\ 








93.24 


93.23 


90.02 


86.39 






1.65 


1.52 


2.46 


3.33 






0.76 


0.73 


l.uy 








1 

1 JJ 






2 12 






0.12 


0.03 


0.09 


0.02 


/ v* **** f-**/y-i 


*Mt 










RON 


93.2 


88.2 


89.8 


90.0 


90.2 


MON 


81.5 


81.2 


81.5 
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[57] Abstract: 

This Invention relates to a catalytic conversion process for reducing the olefin, sulfur, anil 
nitrogen contents in gasoline, wherein pre-heatcd crude gasoline enters a riser or fluid 
bed reactor and reacts with the catalyst upon contact under the following reaction 
conditions: the temperature at lOO-600 a C, the weight-space velocity at 1-120 hours ', the 
weight ratio of the catalyst and the crude gasoline at 2-15: 1, and the weight ratio of rhe 
steam and the crude gasoline at 0-0.10: 1. The products of the said catalytic conversion 
are separated, and the regenerate catalyst is recycled, through stripping, regenerating, 
and cooling, back to the reactor for re-use. The said process of this Invention ir. capable 
of reducing the olefin content in gasoline to 20wt% and increasing the isomerized alkant 
content in gasoline to 66wt%. 
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CLAIMS 



1 . A catalytic conversion process for reducing the olefin, sulfur, and nitrogen 
contents in gasoline, wherein prc-heated crude gasoline enters a riser or fluid bed reactor 
and reacts with the catalyst upon contact under the following reaction conditions: the 
temperature at 100-600°C, the weight-space velocity at 1-120 hours" 1 , the weight ratio of 
the catalyst and the crude gasoline at 2-15:1, and the weight ratio of the steam and the 
crude gasoline at 0-0.10:1. The products of the said catalytic conversion are separated, 
and the regenerable catalyst is recycled, through stripping, ^generating, and cooling, 
back to the reactor for re-use. 

2. The catalytic conversion process as described in the first paragraph of CLAIMS, 
wherein the said process can be implemented either in a single riser or fluid bed reactor 
or in a unit of two coupled riser or fluid bed reactors. 

3. The catalytic conversion process as described in the first paragraph of CLALMS, 
wherein the cooling of the regenerable catalyst is performed in a cooler, which may be 
coupled with a regenerator to form a combined unit or be connected to the regenerator 
through piping. 

4. The catalytic conversion process as described in the first paragraph of CLAIMS, 
wherein the active ingredients of the said catalyst are taken from Y or HY zeolite with o* 
without rare earth elements, super stable Y zeolite with or without rare earth elements, 
ZSM-5 series zeolite, or one, two, or three kinds of high silicon zeolite, [i zeolite, or 
ferrierite of the five-member ring structure. 

5. The catalytic conversion process as described in the first paragraph of CLAIMS, 
wherein the said catalyst may be an amorphous silica-alumina catalyst 

6. The catalytic conversion process as described in the first paragraph of CLAIMS, 
wherein the olefin content in the said crude gasoline is 20-90wt%. 

7. The catalytic conversion process as described in the first paragraph of CLAIMS, 
wherein the reaction temperature is 150-550°C, the feeding weight-space velocity is 2- 
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DESCRIPTION 



A Catalytic Conversion Process for Reducing the Olefin, 
Sulfur, and Nitrogen Contents in Gasoline 



This Invention relates to a catalytic process for converting petroleum 
hydrocarbons, and more specifically, to a catalytic conversion process for reducing die 
olefin, sulfur, and nitrogen contents in gasoline. 



quality of gasoline, a transition from the lead-free gasoline to the New Composition 
gasoline is well under way. The New Composition gasoline has restrictive standards on 
the vapor pressure and the benzene content. It will eventually have restrictions on the 
arene and olefin contents as well. The New Composition gasoline standards vary with 
countries and regions, but have a common general principle, which limits the olefin 
content in gasoline to less than 20wt% and the sulfur content to less than lOOppm. 

Currently, commercial gasoline contains 35-65wt% olefin. Gasoline with a high 
percentage of olefin has poor thermal stability. On a moving vehicle, the olefin in the 
gasoline will, under the temperature inside the fuel system of the internal combustion 
engine, get oxidized and then precipitate onto the inner wall of the main inlet of the 
carburetor, the inner wall of the idling inlet, and the surface of the throttle. As a result, 
the vehicle soon begins to demonstrate problems such as irregular idling speeds, retarded 
fuel supply at acceleration, and insufficient burning of gasoline, which leads to an 
increased emission of hydrocarbons and carbon monoxide, thus polluting the 
environment. In addition, diffused olefin vapor reacts with the atmospheric ozone and 
forms toxic compounds. 

On the other hand, as crude oil becomes increasingly heavy, the sulfur content 1:1 
commercial gasoline rises to approximately 300ppm or over. Such gasoline must be 
hydrogenated to meet the quality standards of the New Composition. However, that 



As environmental awareness places incieasingly demanding req: 
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The purpose of this Invention is to provide a catalytic conversion process for 
converting the olefin in gasoline to isomenzed alkane and arene as well as reducing the 
sulfur and nitrogen contents in gasoline. 

This Invention is implemented in the following manner: pre-heated crude gasoline 
enters a riser or fluid bed reactor and reacts with the catalyst with or without the presence 
of steam; the reaction products, the steam (if present), and the regencrable catalyst with 
the post-reaction coke arc separated; the separation of the reaction products results in 
gasoline products as well as a small amount of dry gas, liquefied gas, and diesel oil; the 
regencrable catalyst is steam stripped and scul lu a regenerator to be regenerated through 
a coke-burning process in the presence of an oxygenated gas; and, finally, the hot 
regenerated catalyst is cooled and recycled to the reactor for re-use. 

More specifically, this Invention is implemented through the following steps: 
pre-heated crude gasoline enters a riser or fluid bed reactor and have isomerization and 
hydrogen transfer reactions with the catalyst upon contact under the following reaction 
conditions: the temperature at 100-600°C (preferably 15O550°C), the reaction pressure at 
130-450kPa (preferably 250-400kPa), the weight-space velocity at 1-120 hours" 1 
(preferably 2-100 hours* 1 ), the weight ratio of the catalyst and the crude gasoline 
(hereafter referred to as i4 catalyst7gasoline ratio") at 2-15: 1 (preferably 3-10: 1), and the 
weight ratio of the steam and the crude gasoline (hereafter referred to as "watcr/gasolinc 
ratio") at 0-0.10:1 (preferably 0.01-0.05:1); the reaction products, the steam, and the 
regenerable catalyst with the post-reaction coke arc separated; the separation of the 
reaction products results in dry gas, propylene- and isobutane-rich liquefied gas as well as 
isomerized alkane-rich and arcne-rich gasoline and diesel oil; the regenerable catalyst 
goes into a stripper and is steam stnpped of the hydrocarbons clinging to the catalyst; tl c 
stripped catalyst is then sent to a regenerator to be regenerated through a coke-burning 
process in the presence of an oxygenated gas; and, finally, the hot regenerated catalyst is 
cooled in a cooler and recycled to the reactor for rc-use. 

The crude gasoline used in this Invention contains 20-90wt% olefin and a sulfui 
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The products of this Invention include gasoline and a small amount of gas and 
diesel oil. The gasoline contains low levels of olefin, sulfur, and nitrogen and relatively 
high levels of isomenzcd aJkane and arene. The liquefied gas contains high levels of 
propylene and isobutane. 

This Invention may use catalysts with active ingredients taken from Y or HY 
zeolite with or without rare earth elements, super stable Y zeolite with or without rare 
earth elements, ZSM-5 series zeolite, or one, two, or three kinds of high silicon zeolite, f . 
zeolite, or ferrierite of the Five-member ring structure. It may also use amorphous silica- 



This Invention may use either a conventional riser or fluid bed reactor or a 
modified model of the conventional riser or fluid bed reactor. The process of this 
Invention may be implemented either in a single riser or fluid bed reactor or in a unit of 
two coupled riser or fluid bed reactors. 

The following five application examples offer detailed descriptions of the process 
as listed in this Invention. However, the said process has many ways of implementation, 
which include, but are not limited to, those five examples. 

Application Example 1 : Keep the catalytic cracking unit of the existing riser 
reactor, but use the gasoline stock in place of the cracking stock. It is necessary to add a 
cooler after the regenerator, or to couple the regenerator and the cooler as one unit. Cod 
the regenerated catalyst down to 100-600°C, and then let it react with the gasoline stock. 
Send the resultant oil vapor through a precipitator, have it separated from the regenerab e 
catalyst, and then send it into the fractional system. 

Application Example 2: Keep the catalytic cracking unit of the existing single 
riser reactor, but install a new riser reactor and a new cooler. The new reactor and the 
existing reactor share the precipitator, the stripper, the fractional system, and the 
regenerator. The new reactor, which uses the gasoline stock, is designated as the gasoline 
risen The existing reactor, which uses the conventional cracking stock, is designated a:, 
the stock oil riser. The gasoline stock undergoes the reaction in the gasoline riser while 
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to the gasoline riser. The regenerable catalyst is stripped and then regenerated. The 
regenerated catalyst is divided into two portions: one to go back to the stock oil riser and 
the other to go back, after being cooled by the cooler, to the gasoline riser. 

Application Example 3: Keep the catalytic cracking unit of the existing single 
riser reactor, but install a new cooler and a new fluid bed reactor with or without a riser. 
The new reactor may or may not have a stripping section. The new reactor and the 
existing reactor share the regenerator. The new reactor, which uses the gasoline stock, is 
designated as the gasoline reactor. The existing reactor, which uses the conventional 



reaction in the gasoline reactor while the conventional cracking stock undergoes the 
reaction in the stock oil riser. The resultant oil vapor from the gasoline reactor and the 
resultant oil vapor from the stock oil riser are mixed and sent into the main catalytic 
cracking fractional column, or they may go separately into their own fractional systems. 
The regenerable catalyst is stripped and then regenerated. The regenerated catalyst is 
divided into two portions: one to go back to the stock oil riser and the other to go througi 
the cooler and then back to the gasoline reactor. 

Application Example 4: This application example employs the same kind of 
equipment as Application Example 2 does. The lighter cut gasoline fractions (boiling 
point at 40-1 00°C) and the heavier cut gasoline fractions (boiling point at 100-200°C) 
enter the gasoline riser at the bottom and the upper section respectively. They react with 
the catalyst upon contact. Meanwhile, the pre-heated conventional cracking stock enters 
the stock oil riser at the bottom and reacts with the hot regenerated catalyst. The resultant 
oil vapor from both risers goes into the precipitator and then into the fractional system. 
The regenerable catalyst is stripped and then regenerated. The regenerated catalyst is 
divided into two portions: one to go back to the stock oil riser and the other to go back, 
after being cooled by the cooler, to the gasoline riser. 

Application Example 5: The process as listed in this Invention may also be 
employed in a reaction system coupled with a new-type riser reactor. It is necessary to 



cracking stock, is designated as the stu^k oil user. 
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designated as the stock oil riser. The gasoline undergoes the reaction in the gasoline 
riser, and the resultant oil vapor enters the second reaction section of the stock oil riser tc 
serve as a cold stimulating medium. The oil vapor and the regenerable catalyst in the 
stock oil riser leave the riser at its outlet section and go into the precipitator. The oil 
vapor is separated from the catalyst by the separation device. The regenerable catalyst is 
stripped and then regenerated. The regenerated catalyst is divided into two portions: one 
to go back to the new-type riser and the other to go back, after being cooled by the coole;, 
to the gasoline riser. 

The said new-type riser reacior is ucscnucu m tuc mvuuiuu * * W i^uuvi. 
No. 99105903.4, wherein the coaxial components are vertically aligned in the following 
order (from the bottom up): the pre-rising block, the first reaction section, the second 
reaction section (with an enlarged diameter), and the outlet section (with a reduced 
diameter). A horizontal pipe is attached to the end of the outlet section. The connection 
between the first reaction section and the second reaction section is shaped like a round 
platform, whose longitudinal section is an isosceles trapezoid with the vertex angles (the 
a angles) at 30-80°. The connection between the second reaction section and the outlet 
section is shaped like a round platform, whose longitudinal section is an isosceles 
trapezoid with the base angles (the p angles) at 45-K5°. 

The following paragraphs use the attached illustrations to provide further 
descriptions of the process as listed in this Invention. 

Figures 1-5 illustrate, respectively, the process How of the catalytic conversion zs 
represented in Application Examples 1-5 for reducing the olefin, sulfur, and nitrogen 
contents in gasoline. The equipment and piping forms and dimensions are not accurately 
represented in the illustrations. They should be determined in light of the actual 
scenarios. 

As is shown in Figure 1, the process flow of Application Example 1 is as follows: 
The pre-heatcd gasoline stock flows through a pipe (1) into the bottom section cf 
the riser (2), where it meets and reacts with the regenerated catalyst coming from the 
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products flow out of the device by a pipe (10).. The diescl products exit the device by 
another pipe (11). The regenerable catalyst enters the stripper (3) and, after being 
stripped by the steam coming from a pipe (4), flows through another pipe (5) into the 
regenerator (13). The regenerable catalyst is regenerated through the coke-burning 
process in the presence of air. The air comes into the regenerator (13) through a pipe 
(14). The fume exits the regenerator through another pipe (12). The hot regenerated 
catalyst enters the cooler (16) through a pipe (15) and, after being cooled, flows through 
the regeneration pipe (17) back into the bottom section of the riser for rc-use. The 
disengaging air flow comes into the cooler thiough a pipe (18). 

As is shown in Figure 2, the process flow of Application Example 2 is as follows: 
The pre-heated gasoline stock flows through a pipe (1) into the bottom section of 
the riser (2), where it meets and reacts with the regenerated catalyst coming from the 
regeneration pipe (17). The reaction products flow into the precipitator (27), which may 
or may not be equipped with a dense-phase fluid bed reactor. 

Meanwhile, the pre-rising medium flows tlirough a pipe (20) into the bottom 
section of the stock oil riser (22). The hot regenerated catalyst flows through the 
regeneration pipe (19) into the bottom section of the riser (22), where it is subjected to 
the rising process by the pre-rising medium. The pre-heated conventional cracking stock 
flows through a pipe (21) into the bottom section of the riser (22), where it meets and 
reacts with the hot catalyst. The reaction products flow into the precipitator (27), which 
may or may not be equipped with a dense-phase fluid bed reactor. 

The oil vapor and the steam flow through a pipe (28) into the separation system 
(29). The dicsel and heavier oil products exit the device by a pipe (30). The gases and 
the gasoline products flow out of the device by another pipe (31). 

The regenerable catalyst enters the stripper (23) and, after being stripped by the 
steam coming from a pipe (24), flows through another pipe (25) into the regenerator (13). 
The regenerable catalyst is regenerated through the coke-burning process in the presence 
of air. The air comes into the regenerator (13) through a pipe (14). The fume exits the 
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cooled, flows through the regeneration pipe (17) back into the gasoline riser (2) for re- 
use. The disengaging air flow comes into the cooler through a pipe (18). 

As is shown in Figure 3, the process flow of Application Example 3 is as follows 
The pre-hcated gasoline stock flows through a pipe (1) into the bottom section of 
the riser (2), where it meets and reacts with the regenerated catalyst coming from the 
regeneration pipe (17). The reaction products flow into the precipitator (7), which may or 
may not be equipped with a dense-phase fluid bed reactor. The oil vapor and the steam 
flow through a pipe (8) into the separation system (9). The gases and the gasoline 
products flow out of the device by a pipe (10). The diesei products exit the device by 
another pipe (11). Or, the oil vapor and the steam flow sequentially through pipes (32 
and 28) into the separation system (29) to be separated. The regenerable catalyst enters 
the stripper (3) and, after being stripped by the steam coming from a pipe (4) t flows 
through another pipe (5) into the regenerator (13). Or, connect the two strippers (3 and 
23) with a pipe (33), and use the stripper (23) alone. 

Meanwhile, the pre-rising medium flows through a pipe (20) into the bottom 
section of the stock oil riser (22). The hot regenerated catalyst flows through the 
regeneration pipe (19) into the bottom section of the riser (22), where it is subjected to 
the rising process by the prc-rising medium. The pre-heated conventional cracking stoct 
flows through a pipe (21) into the bottom section of the riser (22), where it meets and 
reacts with the hot catalyst. The reaction products flow into the precipitator (27), which 
may or may not be equipped with a dense-phase fluid bed reactor. The oil vapor and the 
steam (or the oil vapor from another pipe (32)) flow through a pipe (28) into the 
separation system (29). The gases and the gasoline products flow out of the device by c 
pipe (31). The dicsel and heavier oil products exit the device by another pjpc (30). The 
regenerable catalyst enters the stripper (23) and, after being stripped by the steam coming 
from a pipe (24), flows through another pipe (25) into the regenerator (13). 

The regenerable catalyst is regenerated through the coke-burning process in the 
regenerator (13). The air comes into the regenerator through a pipe (14). The fume exits 
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being cooled, flows through the regeneration pipe (17) back into the gasoline riser (2) foi 
rc-use. The disengaging air flow comes into the cooler through a pipe (18). 

As is shown in Figure 4, the process flow of Application Example 4 is as follows 
The pre-heated lighter gasoline fractions (boiling point at 40-100°C) flow through 
a pipe (1) into the bottom section of the gasoline riser (2), where they meet and react will 
the regenerated catalyst coming from the regeneration pipe (17). The heavier gasoline 
fractions (boiling point at 10O-2O0°C) flow through another pipe (34) into the upper mid 
section of the riser (2) for further reaction. The reaction products flow into the 
precipitator (27), which may or may not be equipped with a dense-phase fluid bed 
reactor. 

Meanwhile, the pre-rising medium flows through a pipe (20) into the bottom 
section of the stock oil riser (22). The hot regenerated catalyst flows through the 
regeneration pipe (19) into the bottom section of the riser (22), where it is subjected to 
the rising process by the pre-rising medium. The pre-heated conventional cracking stocic 
flows through a pipe (21) into the bottom section of the riser (22), where it meets and 
reacts with the hot catalyst. The reaction products flow into the precipitator (27), which 
may or may not be equipped with a dense-phase fluid bed reactor. The oil vapor and the 
steam flow through a pipe (28) into the separation system (29). The diesel and heavier 
oil products exit the device by a pipe (30). The gases and the gasoline products flow out 
of the device by another pipe (31). 

The regenerable catalyst enters the stripper (23) and, after being stripped by the 
steam coming from a pipe (24), flows through another pipe (25) into the regenerator (12). 
The regenerable catalyst is regenerated through the coke-buming process in the presence 
of air. The air comes into the regenerator (13) through a pipe (14). The fume exits the 
regenerator through another pipe (12). The hot regenerated catalyst is divided into two 
portions: one portion flows through the regeneration pipe (19) back into the riser (22) 
while the other portion enters the cooler (16) through a pipe (15) and, after being cooled, 
flows through the regeneration pipe (17) back into the gasoline riser (2) for re-use. The 
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The pre-heated gasoline stock flows through a pipe (1) into the bottom section of 
the gasoline riser (2). The cooled regenerated catalyst flows through a regeneration pipe 
(17) into the bottom section of the riser (2). The reaction products flow into the second 
reaction section (34) of the new-type stock oil riser (22). 

Meanwhile, the pre-rising medium flows through a pipe (20) into the bottom 
section of the new-type riser (22). The hot regenerated catalyst flows through the 
regeneration pipe (19) into the pre-rising section (a) of the riser (22), where it is subjected 
to the rising process by the pre-rising medium. The pre-hcated conventional cracking 
stock flows through a pipe (21) into the riser (22), where it meets and reacts with the hot 
catalyst in the first reaction section (b) of the riser (22). The reaction products flow into 
the second reaction section (c) of the riser (22), where they have the secondary reaction 
with the reaction products coming from the gasoline riser (2). 

The oil vapor and the regenerable catalyst flow through the outlet section (d) of 
the riser (22) and the horizontal pipe (e) into the precipitator (27), The oil vapor and the 
steam flow through a pipe (28) into the separation system (29). The gases and the 
gasoline products flow out of the device by a pipe (31). The diesel and heavier oil 
products exit the device by another pipe (30). 

The regenerable catalyst enters the stripper (23) and, after being stripped by the 
steam coming from a pipe (24), flows through another pipe (25) into the regenerator (13). 
The regenerable catalyst is regenerated through the coke-burning process in the 
regenerator. The air comes into the regenerator through a pipe (14). The fume exits the 
regenerator through another pipe (12). The hot regenerated catalyst is divided into two 
portions: one portion flows through the regeneration pipe (19) back into the riser (22) 
while the other portion enters the cooler (16) through a pipe (15) and, after being cooled, 
flows through the regeneration pipe (17) back into the gasoline riser (2) for re-use. The 
disengaging air flow comes into the cooler through a pipe (18). 
This Invention has several distinctive features: 

1. This Invention employs riser or fluid bed reactors in continuous rcaction- 
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2. This Tnvention can process gasoline with 20-90wt% olefin and can use 

various types of catalysts. 

3. This Invention can reduce the sulfur content in low-quality gasoline stock 
by 1/4-3/4 and reduce its nitrogen concentration to approximately lppm. 

4. This Invention and the existing catalytic cracking unit can share the 
fractional system, the stripper, and the regenerator. The only additional equipment 
required is a gasoline stock riser or fluid bed reactor and a regenerated catalyst cooler. 

Figures 1-5 illustrate, respectively, the process flow of the catalytic conversion a< 
represented in Application Examples i-5 for reducing the olefin content in gasoline. Th< 
numbers in the illustrations have the following designations: the numbers 1, 4, 8, 10, 1 1, 
12, 14, 15, 18, 20, 21, 24, 28, 30, 31, 32, 33, and 34 refer to pipes; the number 2 refers tc 
the gasoline riser reactor; the number 3 and 23 refer to strippers; the numbers 5 and 25 
refer to regenerate catalyst pipes; the numbers 6 and 26 refer to distribution plates; the 
numbers 7 and 27 refer to precipitators (which may or may not be equipped with a fluid 
bed reactor); the numbers 9 and 29 refer to separation systems; the number 13 refers to 
the regenerator; the number 16 refers to the cooler; the numbers 17 and 19 refer to the 
regenerated catalyst pipes; and the number 22 refers to the stock oil riser reactor. Figure 
6 illustrates the new-type riser reactor, wherein the letters a, b, c, d, and e refer to the pn 
rising section, the first reaction section, the second reaction section, the outlet section, 
and the horizontal pipe respectively. 

The following application examples offer more detailed descriptions of this 
Invention, but they are not the only available application of this Invention. Tables I anc 
2 list the properties of the catalysts and stock oils used in the application examples 
respectively. All the catalysts listed in Table 1 are produced by the Sinopec Qi Lu 
Catalyst Plant. 

Application Example 1 
This application example illustrates how to implement the catalytic conversion 
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Using Gasoline Stock A listed in Tabic 1 and the four different types of catalysts 
listed in Table 2, perform the olefin reduction test by means of a catalytic conversion 
process in continuous reaction-recycling operations in small-size fluid bed reactors. Mix 
the gasoline stock with high-temperature steam. Let the mixture enter a fluid bed reactoi 
and have catalytic conversion reactions with the catalyst upon contact under the 
following reaction conditions: the temperature at 300°C, the pressure at the reactor head 
at 0,2megaPa, the feeding weight-space velocity at 4 hours" 1 , the catalyst/gasoline ratio at 
6:1, and the water/gasoline ratio at 0.03:1. The reaction products, the steam, and the 
regenerable catalyst are separated in a precipitator. The reaction products arc separated 
into gas products and liquid products. The regenerable catalyst goes into a stripper and is 
steam stripped of the hydrocarbons clinging to the catalyst. The stripped catalyst is then 
sent to a regenerator to be regenerated in the presence of heated air. Finally, the 
regenerated catalyst is cooled and recycled to the reactor for re-use. Table 3 lists the test 
conditions, the results, and the gasoline properties. 

As is shown in Table 3, different types of catalysts have different effects on the 
catalytic conversion of the gasoline stock. The processed gasoline contains 42-55wt% 
isomerized alkane, 25-27wt% arene, and only 8.5-18.5wt% olefin. The sulfur content k. 
the gasoline has been reduced to 40-125ppm, and the nitrogen content has been reduced 
to 0.4-0.85ppm. 

Application Example 2 

This application example illustrates how to implement the catalytic conversion 
process as listed in this Invention to reduce the olefin content in gasoline when using 
gasoline stocks of different olefin content levels in small-size fluid bed reactors. 

Using the four different types of gasoline stocks listed in Table I and Catalyst A 
listed in Table 2, perform the olefin reduction test by means of a catalytic conversion 
process in continuous reaction-recycling operations in small-size fluid bed reactors. Mix 
the gasoline stock with high-temperature steam. I^t the mixture enter a fluid bed reactor 
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catalyst goes into a stripper and is steam stripped of the hydrocarbons clinging to the 
catalyst. The stripped catalyst is then sent to a regenerator to be regenerated in the 
presence of heated air. Finally, the regenerated catalyst is cooled and recycled to the 
reactor for re-use. 

Table 4 lists the test conditions, the results, and the gasoline properties. As is 
shown in Table 4, the resultant gasoline converted from gasoline stocks of different olefii 
content levels contains 54-65wt% isomerized alkane, 6.5-56.0wt% arene, and only 3.5- 
17.0wL% olefin. The sulfur content in the gasoline has been reduced to 40-578ppm, and 
the nitrogen content has been reduced to 0.4-i.6ppm. Gasoline stocks of higher olehn 
content levels yield gasoline of higher isomerized alkane content levels through the 
catalytic conversion process. 

Application Example 3 

This application example illustrates how to implement the catalytic conversion 
process as listed in this Invention to reduce the olefin content in gasoline under different 
operation conditions in small-size fluid bed reactors. 

Using Gasoline Stock A listed in Table 1 and Catalyst A listed in Table 2, 
perform the olefin reduction test by means of a catalytic conversion process in continuous 
reaction-recycling operations in small-size fluid bed reactors. Mix the gasoline stock 
with high-temperature steam. Let the mixture enter a fluid bed reactor and have catalytic 
conversion reactions with the catalyst upon contact under the following reaction 
conditions: the temperature at 25O-450°C the pressure at the reactor head at 0.2megaPa 
the feeding weighl-space velocity at 4-10 hours \ the catalyst/gasoline ratio at 3-8: 1, and 
the water/gasoline ratio at 0.03-0.05: 1. The reaction products, the steam, and the 
regenerate catalyst are separated in a precipitator. The reaction products are separated 
into gas products and liquid products. The regcnerablc catalyst goes into a stripper and is 
steam stripped of the hydrocarbons clinging to the catalyst. The stripped catalyst is then 
sent to a regenerator to be regenerated in the presence of heated air. Finally, the 
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As is shown in Table 5, different operation conditions have different effects on 
the catalytic conversion of the gasoline stock. The processed gasoline contains 52.5- 
57.0wt% isomerized alkane, 25.0-26.5wt% arene, and only 5.5-9.5wt% olefin. The 
sulfur content in the gasoline has been reduced to 36-46ppm, and the nitrogen content has 
been reduced to 0.3-0.41 ppm. 

Application Example 4 

This application example illustrates how to implement the catalytic conversion 
process as listed in this Invention to reduce the olefin content in olefm-nch gasoline m 
medium-size riser reactors. The results of this test can be used to simulate the gasoline 
risers in double-riser reactors. 

Using Gasoline Stock B listed in Table 1 and Catalyst C listed in Table 2, perforn 
the olefin, sulfur, and nitrogen reduction test by means of a catalytic conversion process 
in continuous reaction-recycling operations in medium-size riser reactors. Mix the 
gasoline stock with high-temperature steam. Let the mixture enter the bottom section of 
the riser and have catalytic conversion reactions with the catalyst upon contact under the 
following reaction conditions: the temperature at 550°C, the pressure at the reactor head 
at 0.2megaPa, the feeding weight-space velocity at 50 hours" 1 , the catalyst/gasoline ratio 
at 6: 1, and the water/gasoline ratio at 0.03: 1. The reaction products, the steam, and the 
regenerable catalyst are separated in a precipitator. The reaction products are separated 
into gas products and liquid products. The regenerable catalyst goes into a stripper and ls 
steam stripped of the hydrocarbons clinging to the catalyst. The stripped catalyst is then 
sent to a regenerator to be regenerated in the presence of heated air. Finally, the 
regenerated catalyst is cooled and recycled to the reactor for re-use. Table 6 lists the te; t 
conditions and results. Table 7 lists the gasoline properties. 

As is shown in Table 7, the processed gasoline contains 40.32wt% isomeri/ed 
alkane, 30.86wt% arene, and only 16.49wt% olefin. The sulfur content in the gasoline 
has been reduced to 97ppm t and the nitrogen content has been reduced to 0.76ppm. In 
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Application Example 5 
This application example illustrates how to implement the catalytic conversion 
process as listed in this Invention to reduce the olefin, sulfur, and nitrogen contents wher. 
using lighter narrow cut fractions and heavier narrow cut fractions of olefin-rich gasoline 
and having them flow into the bottom section and the upper mid section of a medium-size 
riser reactor. 

Using the lighter gasoline fraction C and the heavier gasoline fraction D listed in 
Table 1 and Catalyst A listed in Table 2, perform the olefin, sulfur, and nitrogen 
reduction test by means of a catalytic conversion process in continuous reaction rccychr g 
operations in medium-size riser reactors. Mix the lighter gasoline fraction C with high- 
temperature steam. Let the mixture enter the bottom section of the riser and have 
catalytic conversion reactions with the catalyst upon contact at 300°C. Meanwhile, let 
the heavier gasoline fraction D enter the mid section of the riser and have catalytic 
conversion reactions with the catalyst upon contact at 400°C. The reaction conditions a e 
as follows: the pressure at the reactor head at 0.2megaPa, the feeding weight-space 
velocity at 50-100 hours' 1 , the catalyst/gasoline ratio at 6:1, and the water/gasoline ratio 
at 0.03: 1. The reaction products, the steam, and the regenerate catalyst are separated in 
a precipitator. The reaction products are separated into gas products and liquid product;.. 
The regenerable catalyst goes into a stripper and is steam stripped of the hydrocarbons 
clinging to the catalyst. The stripped catalyst is then sent to a regenerator to be 
regenerated in the presence of heated air. Finally, the regenerated catalyst is cooled anc 
recycled to the reactor for re-usc. Table 6 lists the test conditions and results. Tabic 7 
lists the gasoline properties. 

As is shown in Table 6, the gas yield is 6.99wt%, the dicscl yield is 4.53 wt%, and 
the gasoline yield is 86.78wt%. As is shown in Table 7, the processed gasoline contain, 
51.25wt% isomerized alkane, 26.96wt% arenc, and only 8.59wt% olefin. The sulfur 
content in the gasoline has been reduced to 86ppm, and the nitrogen content has been 
reduced to 0.65ppm. 
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This application example illustrates how to implement the catalytic conversion 
process as listed in this Invention to reduce the olefin content in gasoline in small-size 
fixed fluid bed reactors. 

Using Gasoline Stock C listed in Table 1 and Catalyst A listed in Table 2, perform 
the olefin reduction test by means of a catalytic conversion process in continuous 
reaction-recycling operations in small-size fluid bed reactors. Mix the gasoline stock 
with high-temperature steam. Let the mixture enter a fluid bed reactor and have catalytic 
conversion reactions with the catalyst upon contact under the following reaction 
conditions: the temperature at i50-300°C, the pressure at the reactor head at 0.2rnegaPa, 
the feeding weight-space velocity at 4 hours" 1 , the catalyst/gasoline ratio at 6: 1 , and the 
water/gasoline ratio at 0-0.03: 1. The reaction products, the steam, and the regenerate 
catalyst are separated in a precipitator. The reaction products are separated into gas 
products and liquid products. The regenerable catalyst goes into a stripper and is steam 
stripped of the hydrocarbons clinging to the catalyst. The stripped catalyst is then sent t3 
a regenerator to be regenerated in the presence of heated air. Finally, the regenerated 
catalyst is cooled and recycled to the reactor for re-use. Table 8 lists the test conditions, 
the results, and the gasoline properties. 

As is shown in Table 8, the processed gasoline contains 61-65wt% isomeri2ed 
alkane, 6.5-7 .0wt% arene, and only l5.5-20.0wt% olefin. The sulfur content in the 
gasoline has been reduced to 100-140ppm, and the nitrogen content has been reduced tc 
0.65-1. lOppm. 
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Table 1 



Gasoline Stock No. 


A 


B 1 


C 


D 1 


Dcnsitv C20 G C), kz/m 3 1 


743.0 I 


727.1 


653.1 


786.4 










RON 


91.3 


92.1 


93.2 


88.6 "1 


MON 


79.5 


79.8 


81.5 


78.4 


Sulfur, ppra _f 


200 


2035.5 


376.7 


2892.2 


Nitrogen, ppm 


30 


151.3 


14.3 


93.0 


Carbon, wt% 


86.80 


86.54 


85.26 


86.29 


Hydrogen, wt% 


13.03 


13.26 


14.52 


12.99 


Fractional Process, °C 










Preliminary Fraction 


/in 

~r y 


44 


44 


90 


10% 


63 


59 


48 


91 


30% 


82 


78 


53 


120 


r~ 50% 


106 


104 


60 


J53 


70% 


140 


133 


65 


173 


90% 


176 


166 


75 


186 


Final Fraction 


195 


200 


90 


202 


Group Composition, wt% 










Alkane 


29.64 


26.94 


19.04 


25.00 


Normal Alkane 


5.29 


4.88 


4.98 


5.12 


Isomerized Alkane 


25.35 


22.06 


14.06 


19.88 


Naphthenic Hydrocarbon 


8.25 


7.16 


5.17 


12.30 


Olefin 


37.79 


47.65 


69.64 


13.62 


Arcne 


, 24.32 


18.25 


6.15 


1 49.08 
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Table 2 





A 


B 


C 


D 


Brand Name 


CRC-1 


RHZ-200 


ZCM-7 


RAG-1 


z^oiite i ypc 


REY 


REHY 


USY 


rey-usy-zrtH 


Chemical Composition, 

Wl/C 










A 1 1 1 «tt\ irtQ 

/\1UII1UM 


26.5 


33.0 


46.4 


44.6 


oOQium v^/Aitic 


0.19 


0.29 


0.22 


0.13 


^rclTlc uxiuc 


0.09 


1.1 


0.32 





Apparent Density, kg/rn^ 


450 


560 


690 


620 


Pore Volume, ml/g 


0.41 


0.25 


1 0.38 


0.36 


' f - O C A ^ 

dpCClllC OUiidtc ruva, 

m 2 /g 


1 in 

A. */ 


92 


164 


232 


Abrasion Index, 
wt'&hours* 1 


4.2 


3.2 




2.5 


Sieve Composition, wt% 










0-40 microns 


7.3 


15.2 


4.8 


13.1 1 


40-80 microns 


43.7 


55.1 


47.9 


54.9 


> 80 microns 


49.0 


29.7 


47.3 


32.0 
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Table 3 



i_,aiaiysii> 




A ! B 


c 1 


D \ 


rvCaCllon 1 cnipwitiirUic, 






100 

~J \J\J 


300 


300 


hours 




A 


4 


4 


P'otnK/ct/rTMcnlinf Ratio 


6 


6 


6 


6 


Water/Gasoline Ratio 






0.03 


0.03 












ury vjd>» 


1 1£ 


n X7 

VJ.O / 


0.65 


0.56 


LiqUciieci KJaS 


J.O / 


A 


4.76 


4.93 


(jrasounc 


xt y / 




88.70 


89.95 . 


Light Diesel 


4.37 


3.Vo 


3.01 


2.36 


Heavy Diesel 


2.43 


Z.UZ 


1.63 


1.23 


Coke 


i no 


1 .DO 


1 1.23 


0.93 


Loss 


0.02 


n ni 


0.02 


0.04 


Gasoline Properties 


Stock 
Properties 










RON 


91.3 


00. 1 


07 - J 


90.2 


90.5 | 


MON 


79.5 


80.1 


80.0 


79.8 


79.8 ! 


Sulfur, vom 


200 


I 40 


65 


102 


125 


Nitroeen, pom I 30 


0.4 


0.7 


0.76 


0.85 ' 


Areue, wt% 


1 24.32 


25.20 


25.00 


25.30 


26.5C 


Olefin, wt% 


37.79 


8.70 


10.87 


14.98 


18.39' 


Alkane, wt% 


29.64 


59.01 


56.92 


52.29 


47.19' 


Normal Alkane 


5.29 


5.01 


5.05 


4.98 


4.86 


Isomerized Alkane 


25.35 


54.0 


I 51.87 


47.31 42.3:. 


Naphthenic 
Hydrocarbon, wt% 


8.25 


7.09 

1 


7.21 


7.43 7.86 

1 
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Tabic 4 



Stock Oil 


A 


B 


1 c 


D 1 


Reaction Temperature, °C 


300 1 


300 


300 


300 


Weight-Space Velocity, hours 1 


4 


4! 


4 


4 


Catalyst/Gasoline Ratio 


6 


6; 


6 


6 


Water/Gasoline Ratio 


0.03 


0.03 




0.03 


Product Distribution, wt% 










Dry Gas 


1.36 


1.57 




1.33 


T innefied G&s 


3.87 


4.64 




7.14 


Gasoline 


85.97 


84.11 


OO.J7 


81.83 


1 i t?ht Diesel 


4.37 


5.04 




4.32 


1 TT Pil \ 




1 3A 


9.04 


Coke 


1.98 1 2.02 


0 10 
Z. 1Z 


3.14 


T 


0.02 


O.Ql 


u.uz 


0.20 


CramWrif* Pronerties 










RON 


88.2 


90,8 




89.4 


MON 


80.1 


81 


.0 


81.2 


78.6 


Sulfur, ppm 


40 


402 


108.5 


578 


Nitrogen, ppm 


0.4 


1J0 


0.83 


1.6 


' Arene, wt% 


25.20 


19J20 


6.52 


55.18 


Olefin, wt% 


8.70 


10 j92 


16.34 


3.89 


Alkane, wt% 


59.01 


62J72 


70.02 


27.48 


Normal Alkanc 


5.01 


4.^5 


5.20 


5.22 


Isomerized Alkane 


54.0 


57J77 


64.82 


22.26 


Naphthenic 
Hydrocarbon, wt% 


7.09 


7.16 

i 
i 


7.12 


13.45 



I 
i 
i 



i 

i 



i 
i 
| 
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Table 5 



Operation 
Conditions 








j 








Reaction 
Temperature, 

O i — i 

C 




300 


300 




500 


300 


250 


450 


Weight-Space 
Velocity, hours 




a 

O 


4 




4 


4 


4 


10 


Catalyst/Oasoiine 
Ratio 




6 


! 8 


6 


6 


6 


Water/Gasoline 
Ratio 


0.03 


0.03 


0.03 


0.05 


0.03 


0.0:5 


Product Distribution, 
wt% 






j 

i 






Dry Gas 


1.12 


1.36 


^.56 


1.13 


0.56 


3.41 


Liquefied Gas 


3.55 


3.87 1 4-32 


3.53 


1.87 


5.4? 


Gasoline 


87.1 1 


85.97 


84.54 


86.61 


87.02 


82.^9 


.Ligni uiesei 


4.01 


4.37 


4-63 


4.18 


5.47 


3.24 


Heavy Diesel 


2 1 1 


2.43 


2.75 


2.33 


1 2.86 


1.85 


L-oKe 


1.86 


1.98 


2.02 


1.95 


1.96 


2.9 rl 


Loss 


0.24 


0.02 


0.18 


0.27 


0.26 


0.2? 


Uasoiine i roperueb 


Properties 






j 










91 3 


89.0 


88.2 


£7.8 


^9.0 


87.6 


88.8 


MON 


79.5 


80.0 


80.1 


80.1 


79.9 


80.0 


80.0 


Sulfur, ppm 


200 


46 


40 


| 36 


42 


36 


3t 1 


[Nitrogen, ppm 




0.41 


0.4 


|0.3 


0.4 


0.3 


0.3 


Arcne, wt% 


24.32 


25.12 


25.20 


26.45 


25.01 


25.03 


26.02 


i Olefin, wt% 


37.79 


9.32 


8.70 


|6.67 


9.13 


5.98 


9.C9 1 


Alkane, wt% 


29.64 


58.45 


59.01 


59.80 


58.76 


61.84 


57.150 


Normal Alkane 


5.29 


5.07 


5.01 


j5.ll 


5.07 


5.03 


4.98 


Isoinerized 
Alkane 


25.35 


53.38 


54.0 


54.69 

! : 


53.69 


56.81 


52. ^2 


Naphthenic 

Hydrocarbon, 

wt% 


8.25 

1 


7.11 


7.09 


i 7.08 


7.10 


7.15 


7.09 
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Table 6 



1 1 


Application 
Example 4 


Application 
Example 5 


uperation \^onuiuuii> 






lN.GaCll(Jll 1 C111|JC1 dLLiiv^, 


550 


300/400* 




50 1 


50/100* 


l^UXHl y Su vJaoUlllll^ ivaiivj 


6.0 


6.0 




0.03 


0.03 


Product Distribution, wt% 






Dry Gas 


0.66 


1.01 


Liquefied Gas 


3.55 


3.87 


ijicludifig Propylene 


3.83 




Isobutane 


5.58 




Gasoline 


75.62 


86.78 


Light Diesel 


3.75 


3.52 


Heavy Diesel 


2.53 


1.01 


Coke 


2.43 


1.65 


Loss 


0.41 


0.05 



* The value preceding the slash mark (/) refers to the reaction condition in the bottom 
section of the gasoline riser and the value following the slash mark (/) refers to the 
reaction condition in the mid section of the gasoline riser. 
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Tabic 7 





Stock A 


Application 
Example 4 


Stock C 1 


Stock D 


Application 
Example i 


uensiiy iz-u v^y, k^/ui 


743.0 


741.8 


653.1 


786.4 | 746.7 


uctane KaTing 












l? OX] 


91.3 


90.0 


93.2 


88.6 


91.0 ~* 


JVHJIN 


79.5 


80.8 


81.5 


78.4 


81.2 


Sulfur, ppm 


200 


97 


376.7 


2892.2 


86 


Nitrogen, ppm 


30 


0.76 


14.3 


93.0 


0.65 


Carbon, wt7c 


R6 80 


86.71 


85.26 


86.29 


86.43 ~1 


Hydrogen, wt% 


13.03 


13.22 


14.52 


12.99 


13.42 


i lauuuiiui i ivvvjo, w 










Preliminary rracuon 


49 


49 


44 


90 


46 


10% 




75 


48 


91 


72 


30% 


OZf 


98 


53 


120 


90 ' 


r- /-\ (~f 
50% 




121 


60 


153 


118 


70% 


140 


147 


65 


1 173 


143 


90% 


176 


178 


75 


186 


175 ~ 1 


Final Fraction 


195 


202 


90 


202 


196 


Group Composition, wt% 












Arenc 


24.32 


30.86 


6.15 


49.08 


26.98 


Olefin 


37.79 


16.49 


. 69.64 


13.62 


8.59 


Alkane 


29.64 


45.34 


19.04 


1 25.00 


56.57 


Normal Alkane 


5.29 


5.02 


4.98 


5.12 


5.32 


Isomerizcd Alkanc 


25.35 


40.32 


14.06 


19.88 


51.25 


Naphthcnic 
Hydrocarbon 


8.25 


7.31 


5.17 


12.30 


7.86 

i 
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Table 8 



Operation concuuons 


1 






! 


Reaction 
Temperature, °C 




150 


200 






w eignc-opace 
Velocity, nours 




4 


4 


A 
H 


A 


L-ataiysi/Ljasoiine 
ivauo 




6 


6 


Q 

o 


f. 


w aier/vjasoiine 
Ratio 




0 


0.02 


0.02 


0.03 


rTOGUCt L/lSiriDUllOn, wl/o 












0.86 


0.51 


0.64 


0.73 


Liquefied Gas 


2.04 


2.68 


4.30 


6.05 


Gasoline 


93 24 


93.23 


90.02 


86.39 


Light Diesel 


1 65 


1.52 


2.46 


3.33 


Heavy Diesel 


0 76 


0.73 


1.09 


1.36 


Coke 


1.33 


1.30 


1.40 


2.12 


Loss 


0.12 


0.03 


0.09 1 0.02 


Gasoline Properties 


Stock 
Properties 










RON 


93.2 




89.8 


90.0 


90.2 


MON 


i 81.5 


81.2 


81.5 


■ 81.5 


81.5 


Sulfur, ppm ' 376.7 


106.5 


137.2 


101.3 


108.5 


Nitrogen, ppm 


14.3 


0.65 


1.10 


0.65 


0.83 


Arene, wt% 


6.15 


6.55 


6.66 


6.50 


6.52 


Olefin, wt% 


69.64 


16.70 


19.53 


15.98 


16.34 


Alkane, wt% 


19.04 


68.74 


66.49 


70.30 


70.02 


Normal Alkane 


4.98 


5.30 


5.33 


5.17 


5.20 


Isomerized 
Alkane 


14.06 


63.44 


61.16 


65.13 

J 


64.82 


Naphthenic 

Hydrocarbon, 

wt% 


5.17 


8.01 


7.32 | 7.22 


7.12 
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